Introduction
spores within 48-72 h, without penetrating the spores Endocronartium harknesii (J. P. Moore) Y. Hirat- (Tsuneda et al. 1980) . The production of soluble suka, the western gall rust, is a fungal parasite often material capable of causing rust spore disintegration found growing in western Canada on jack pine (Pinus suggested that S. uredinicola and its products might be banksiana Lam.), and lodgepole pine ( P . contorta effective as either biological or chemical control agents Dougl. var. latifolia Engelm.) . Endocronartium hark-against western gall rust infections (Tsuneda and Hiratnesii and other ~i n e stem rusts cause considerable suka 1981). damage to the hard pines of western Canada and are
In this study we report a comparison between three therefore an economic problem. A variety of methods isolates of S. uredinicola and an isolate of the related S. are used to control infections including thinning of album Beyer and Klingstrijm for their ability to produce infected seedlings, selection of rust-resistant pines, and soluble compounds able to affect the germination of E. chemical and biological control (Hiratsuka and Powell harknesii spores. Scytalidium album is known to pro-1976) . In some regions more than 80% of the rust galls duce the antibiotic scytalidin (Stillwell et al. 1973) . have been showi to be infected by a mycoparasite, Scytalidium uredinicola. Hyphae of this hyperparasite Materials and methods were shown penetrate the woody tissue of the gall7 Collection and storage of Endocronartium harknesii spores rust h~~h a e a 300 k m the Whole galls, excised from infected lodgepole pine in the gall surface and resulting in a large decrease in the region of ~i~t~~, ~l b~~~, were stored at -2 0 0~ in brown viability of the infected rust spores. On water agar, paper bags for 9 months. Spores were also collected in situ by hyphae of S . uredinicola caused disintegration of rust scraping a mature gall with a spatula and collecting the spores on powder paper. These spores were separated from other '~u t h o r to whom correspondence should be addressed.
plant material by passing through a No. 100-mesh sieve (150-pm opening) before storage in 10-mL screwcap vials at -20°C in a desiccator.
Germination tests
Germination tests were carried out in polycarbonate tissue culture dishes (Costar, 24 well cluster, 16 mm diameter). The sample for testing was made up to 2 mL in buffer (50 mM potassium phosphate, pH 6) in an individual well then the surface of the liquid in the well was lightly dusted with spores from the tip of a microspatula. The cluster dish was then covered and allowed to incubate 18-24 hat room temperature. Germination was observed using a microscope at lOOX magnification.
Only those spores present on the surface as a monolayer were used to estimate the percent germination, since many of the spores in clumps were not in contact with the buffer. Germination was considered positive when greater than 90% of the spores had developed gkrm tubes, as shown in Fig. 1B . Inhibition of germination was recorded when less than 10% of the spores had germinated (Fig. 1A) .
Microorganisms
Four Scytalidium cultures were used in this study. 
Growth media and growth conditions
The Scytalidium cultures were grown in five media: 2% (w/v) phytone peptone (BBL, PHY); 2% (w/v) Bactophytone (BBL, PEP); 2% (w/v) yeast extract (Difco, YE); 2% (w/v) malt extract broth (Difco, ME), and a mixture of peptone (I%), yeast extract (0.5%), and malt extract broth (2%) (PYME). Media were adjusted to pH 6 where necessary with HCL and dispensed in 200-mL portions into 500-mL Erlenmeyer flasks before autoclaving. The inoculum was 2% of a 7-day ME culture which was disrupted in a Sorvall omnimixer (lOs, full speed). Growth was at 25°C on a gyrotary shaker at 200 rpm. Cultures were harvested at 5-day intervals for 15 days except for S. uredinicola C-677 which grew more slowly and was harvested weekly for 5 weeks. The mycelial pellets were then removed by filtration through a Buchner funnel with a coarse filter paper (Schliecher and Schuell No. 520B), washed once with 200mL of distilled water, and dried overnight at 70°C before weighing.
Preparation of high molecular weight fraction
After removal of the mycelium, filtrates were further clarified by centrifugation at 30 000 X g for 10 min. The pH of the supernatant (approximately 180 mL) was recorded and adjusted to pH 6 if necessary, prior to ultrafiltration through an Amicon PM-10 membrane (molecular weight cut off 10 000). The ultrafilter concentrate was reduced to 5 mL and stored at -20°C along with a sample of the ultrafilter effluent (10 mL) for use in the spore germination tests. Sterile uninoculated media were treated similarly to be used as controls.
Preparation of low molecular weight fraction
Since the antifungal agent scytalidin, produced by S. album, is most active at pH 4 and was originally extracted from media at this pH (Stillwell et al. 1973) , the remaining ultrafiltration effluent (approximately 160 mL) was adjusted to pH 4 with 1 N HCI and extracted three times with 100 mL of ethyl acetate or chloroform. The solvent extracts were pooled in a beaker and allowed to evaporate overnight at room temperature.
The beaker was then washed three times with 3mL of solvent, the washings were pooled in a test tube, and this solvent was evaporated off under a stream of air. Dimethyl sulfoxide (DMSO, 0.5 mL) was then added to dissolve the residue and a further 4.5 mL of phosphate buffer (50 mM, pH 6) was added to make a 10% DMSO extract in buffer. Samples were stored at room temperature and uninoculated ultrafiltration effluents were used as controls.
Results

Optimum conditions for storage and germination of E.
harknesii spores Spores from whole galls, stored at -20°C in brown paper bags for 9 months, were compared with freshly collected spores for their ability to germinate under various conditions. Some of these data are presented in Table 1 . Spores stored on galls had delayed germination times and increased sensitivity to DMSO and ethanol compared with freshly collected spores. Freshly collected spores were sensitive to greater than 2% of either solvent. Freshly collected spores germinated within 6 h when stored desiccated for up to 6 weeks at -20°C but when stored for this period at -90°C germination was incomplete after 24h incubation. Using potassium phosphate buffers (50 mM) the range of pH permitting germination of fresh spores was from 3.5 to 7 with rapid (4 h) germination between pH 4.5 and 6. Storage at -20 or -90°C resulted in the loss of germination at extremes of this broad range.
Growth characteristics of Scytalidium cultures on different media
The four cultures of Scytalidium were grown in five media. Preliminary experiments had shown that static cultures grew very slowly over a 2-month period and produced no detectable activity against E. harknesii spores. Shaken cultures produced maximum yields of mycelial dry weight usually between 5-7 days of growth. PYME and ME media produced the highest mycelial yields (Table 2) . Growth in PHY gave yields of about 2g/L dry weight of mycelium for all four cultures, YE about 1 g/L, and PEP less than 1 g/L.
All media were adjusted to pH 6 before autoclaving. All four Scytalidium cultures caused changes in the medium pH during growth. In ME the pH fell by up to 2.5 pH units. In the other three media growth resulted in variable increases in the medium pH by up to 2.5 pH units. Maximum yields of mycelial mass occurred after the 1st week of growth and gradually declined there- Effect of high molecular weight paction of cultiire filtrates on E. harknesii spores Scytalidium culture filtrates were fractionated by passage through an ultrafilter with a molecular weight cut off of 10 000. These filtrates and uninoculated media were concentrated 40-fold to 5 mL, dialyzed overnight against 100 volumes of 50 mM phosphate buffer, pH 6, then serial dilutions were tested to determine the lowest concentration that would inhibit germination of E. harknesii spores. It was found that while uninoculated media inhibited germination when concentrated from 10-fold to 40-fold, none of the Scytalidium concentrates inhibited spore germination at dilutions significantly greater than the uninoculated media. However, two of the S. album concentrates, from cultures grown on PYME and ME, caused extensive lysis of E. harknesii spores. This spore lysis was not observed with the original unconcentrated culture filtrates. The lysis is ME: dry weight (g/L)
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sh;wn in the photograph, Fig. 1C .
(3.9) (3.5) (3.6) (4.0) some culture filtrates inhibited germination at lower after. The extremes of pH change were also observed at this time.
Effect of chloroform extracts of culturefiltrates on spore
Inhibition of spore germination by culture filtrates
Flasks of the four Scytalidium cultures were harvested at the time intervals described in Materials and methods, and the culture filtrates adjusted to pH 5.5 to 6 prior to testing for inhibition of germination of E. harknesii spores. Although spore germination was routinely almost complete at 4-h incubation; tests were incubated 24 h to avoid delayed or false inhibition. Results are shown in Table 3 . Spores germinated in all of the uninoculated media except PEP, data from PEP cultures therefore are not reported in this section. No inhibition of germination was observed with any of the C-677 culture filtrates. All S . uredinicola C-695 filtrates inhibited spore germination after 15 days of growth and inhibition also occurred with the 10-day ME sample. Scytalidium uredinicola C-660, the type strain, produced fewer inhibitory culture filtrates than isolate concentrations than the control media. These data are presented in Table 4 as the concentration of DMSO extract at which less than 10% and greater than 90% germination occurred. Samples were tested in the range from 0.1% DMSO-buffer extract (i.e., 20 FL of 10% DMSO-buffer extract in 2 mL total buffer) to 2% DMSO-buffer extract. Above 2% DMSO spore germination was affected as mentioned above. There was at least one concentration, 0.75% of the three effective growth media (PHY, ME, YE), at which controls germinated and experimentals did not. No differences between control and experimental extracts could be detected for the PYME and PEP media; these control extracts inhibited spore germination at lower concentrations than the effective media.
Discussion
The object of this study was to design an in vitro system for a study of the mechanism of the Endocronartium-Scytalidium parasite-hyperparasite relationship. As a preliminary to studying the Scytalidium cultures, some of the characteristics of E. harknesii spores and their germination were reinvestigated; since spore germination was the test system, the reproducibility of the assay was important. Endocronartium harknesii spores are known to retain their viability better than those of Cronartium comandrae or Cronartium coleosporoides when stored at cool temperatures (Powell 197 1) and will germinate after 1 year at 4-5°C (Lightle 1955) . Spores also die if they become wet (Powell 1971) . Spores were therefore routinely harvested from the galls and stored, during the 4-month period of these experiments, desiccated, at -20°C. The pH range for germination of fresh or stored spores was fairly wide, in the range of pH 3.5 to 7, which was displaced slightly to the acidic side of the pH 5-8 range reported by Powell and Morf (1966) . The germination period of 4 h compares favourably with the minimum value of 1-2 h (Powell 1969 (Powell , 1974 Powell and Morf 1966) . Of the five media tested for growth of the Scytalidium cultures, the phytone -yeast extract -malt extract (PYME) and malt extract media supported the fastest growth rates and mycelial yield (Table 2) . Peptone was generally unsuitable for growth as the uninoculated medium contained components which inhibited spore germination. Uninoculated PYME also contained components which affected spore germination when concentrated by ultrafiltration (data not presented) or when extracted with chloroform (Table 4 ) since a 1% DMSO buffer solution alone did not effect the germination of fresh spores (Table 1) . Of the three remaining media, malt extract appeared to be the medium of choice for the production of compounds by Scytalidium species affecting the germination of E. harknesii spores. It supported production of the lytic compound by S . album and production of a chloroform extractable inhibitor of spore germination by S. album and two strains of S. uredinicola. Scytalidium uredinicola grew slowly on all media and did not produce sporostatic or lytic activity, thus not all field isolates are equally effective in production and more isolates must be screened to ensure that the highest inhibitor-producing strains are being studied. It would also be advantageous to extend the sampling period beyond 15 days since most inhibition occurred with this lait sample. - Scytalidium album was included in this study as it was known to produce the antifungal compound scytalidin (Stillwell et al. 1973) and is taxonomically closely related to S. uredinicola. However, the lytic component from this organism is novel and studies are underway to characterize its properties and identify its nature. Studies are continuing to enhance formation of the germination inhibitor(s), fractionate it, and identify its nature, and assess the system for its potential as a biological or chemical control agent for the suppression of western gall rust.
